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http://dx.doi.org/10.1016/j.jds.2012.0Abstract Background/purpose: The manufacturer claims that Twisted Files (TFs) are superior
to file systems made by the traditional grinding method due to their cyclic fatigue resistance,
flexibility, and better cutting efficiency. The aim of this study was to compare the shaping ability
of TFs with instruments produced by a traditional NiTi grinding process (RevoS and ProTaper).
Materials andmethods: A total of 60 simulated resin blockswere divided into three experimental
groups, each comprised of 20 resin blocks that were prepared with TFs, RevoS, and ProTaper
using a crown-down technique. The preparation shape was assessed with a computer image anal-
ysis program on superimposed pre- and postoperative images. Material removal was measured at
10 points beginning 1 mm from the end-point of the canal. Mean total widths and outer and inner
width measurements were determined on each central canal path, and the data were statisti-
cally analyzed using the Kruskal-Wallis and Mann-Whitney U-tests.
Results: The Revo-S and ProTaper instruments removed more material from the inner side of the
curvature compared with the TF instruments. Differences among the three rotary NiTi systems
were statistically significant (P< 0.05) except for the first 3 mm and the last 2 mm. On the outer
side of the canal, both the ProTaper and Revo-S instruments removed more material than the TF
instruments in the apical third (P < 0.05).
Conclusion: According to the results of this study, TFs respected the original canal curvature
better than did ProTaper and RevoS rotary NiTi instruments. TF instruments also provided
a more-centered apical preparation of the simulated canals at the apical third.
Copyright ª 2012, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.of Restorative Dentistry and Endodontics, Faculty of Dentistry, Mayis University, 55139 Kurupelit,
il.com (U. Inan).
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blocks were labeled 1w20 in each group, and a vertical andSuccess in root-canal treatment depends almost completely
on how well the root canal is shaped and cleaned, and there
have been many developments in recent years in this
aspect of endodontic practice.1 Although many advances
have been made in both scientific and technologic aspects
of endodontics, the basic principles of root-canal prepara-
tion remain unchanged: removing all organic debris and
microorganisms from the root-canal system and shaping the
walls of the root canal to facilitate cleaning and obturation
of the root-canal space.
Nickel-titanium (NiTi) rotary instruments have substan-
tially reduced the incidence of several clinical problems
such as blocks, ledges, transportation, and perforation.2
The shaping ability of rotary NiTi instruments was exten-
sively studied in the endodontic literature. A number of
studies reported the superiority of rotary NiTi instruments
over stainless steel hand files, documenting that they were
better at maintaining the original canal curvature.3e6 The
shaping ability of different rotary NiTi instruments was also
compared according to their design features such as taper
(progressive vs. constant)7,8 and cross-sectional design.9e11
Since the introduction of NiTi rotary instruments to
endodontics, there have been many changes in instrument
design to improve flexibility, cyclic fatigue resistance, and
cutting and cleaning efficiencies. Recently, Twisted Files
(TFs) manufactured by SybronEndo (Orange, CA, USA), were
introduced and are produced using a new manufacturing
process. TF instruments are manufactured using a raw NiTi
wire in an austenite crystalline structure that transforms
into a different phase (R-phase) by a process of heating and
cooling. In the R-phase, NiTi can be twisted and converted
back to an austenite structure by heating and cooling
again.12 The manufacturer claims that TFs are superior to
file systems manufactured by the traditional grinding
method due to their cyclic fatigue resistance, flexibility,
and better cutting efficiency, and the fact that they
maintain the original canal shape with minimal trans-
portation (TF Technical Bulletin, Sybron Endo).
To date, only a few studies of the fatigue behavior of TFs
are available.13,14 Since the TF manufacturing process is
new and differs from the traditional grinding process, all
mechanical properties of rotary instruments produced with
this process must be investigated.15 Therefore, the aim of
this study was to compare the shaping ability of NiTi
instruments produced by the twisting method (TFs, Syb-
ronEndo) with instruments produced by the traditional
grinding process [ProTaper (Dentsply Maillefer, Ballaigues,
Switzerland) and Revo-S (Micro-Mega, Besanc¸on, France)].Figure 1 Resin blocks were mounted in a support for taking
photographs under same light conditions before and after
preparation.Materials and methods
A total of 60 simulated root canal blocks (Endo Training
Bloc-.02 Taper, Dentsply Maillefer) made of clear polyester
resin were used in the present study. The diameter and
taper of all simulated canals were equivalent to a size-15
root-canal instrument. The canals were 16 mm long, and
the canal entrance was 13 mm from the apex. The canals
had a straight part of 5 mm and a curved part of 8 mm.The canals were randomly divided into three groups. The
a horizontal line were prepared on the surface of each resin
block, then the resin root canals were mounted in a setup
(Fig. 1) and photographed with a digital camera (Pentax
K200D with a 105-mm macro lens, Hoya, Tokyo, Japan)
before preparation.
The simulated canals were prepared using TFs, ProTaper
(Dentsply Maillefer), and Revo-S (Micro-Mega) with an X-
Smart (Dentsply Maillefer) torque-limited electric motor
and a 16:1 reduction rotary handpiece at the speed of
rotation recommended by the manufacturers. All of the
canals were enlarged by the same operator who was
experienced with all three systems. The canals were
prepared to a working length (WL) of 16 mm. Before use,
each instrument was coated with a lubricant (Glyde,
Dentsply), and distilled water was used for irrigation. Once
the instrument reached the WL and rotated freely, it was
removed. Each instrument was used to enlarge five canals
and then discarded.
Group 1
TF instruments were used in a crown-down manner at
a speed of 500 rpm as recommended by the manufacturer.
Shaping ability of rotary NiTi instruments 285A small assorted pack (25.08, 25.06, and 25.04), which was
recommended for shaping mesial roots of lower molars and
buccal roots of upper molars, was used. The working
sequence was as follows: a 10, K-File was used to create
a guide path; an 8% taper, size-25 instrument was used at 2/
3 of the WL (11 mm); a 6% taper, size-25 instrument was
used at 13 mm; and a 4% taper, size-25 instrument was used
at the full WL (16 mm).
Group 2
Revo-S instruments were used in a crown-down manner at
a speed of 350 rpm. The operating sequence was as follows:
a 10, K-File was used to create a guide path; a 6% taper,
size-25 instrument (SC1) was used to 2/3 of the WL
(11 mm); a 4% taper, size-25 instrument (SC2) was used to
the full WL (16 mm); a 6% taper, size-25 instrument (SU)
was used to the full WL (16 mm).
Group 3
ProTaper instruments were used in a crown-down manner
at a speed of 350 rpm, and the sequence was as follows:
a 10, K-File was used to create a guide path; an S1 file was
used to 2/3 of the WL (11 mm); an SX file was used to 2/3 of
the WL (11 mm); an S1 file was used to the full WL (16 mm);
an S2 file was used to the full WL (16 mm); an F1 file was
used to the full WL (16 mm); and an F2 file was used to the
full WL (16 mm).
After instrumentation, a digital photograph was taken in
the same orientation as the pre-instrumentation one
(Fig. 2). The prepared canal shapes were assessed with the
computer program, Image J 1.38 (National Institutes of
Health, Washington, DC, USA). A composite image was
produced from pre- and post-instrumentation images of
each canal, and superimposed using Adobe Photoshop
software (Adobe Systems, Inc., vers. 8.0, San Jose, CA,
USA). Superimposition was aided by vertical and horizontal
lines that were prepared on each block before preparation.
The amounts of resin removed from both the inner andFigure 2 Postoperative images forouter sides of the canal curvature were measured in 1-mm
steps (Fig. 3). The first measuring point began 1 mm from
the endpoint of the canal, and the last measuring point was
10 mm from the apical end, resulting in 10 measuring points
on the outer and inner sides of the canal, for a total of 20
measuring points. The mean total width, and outer and
inner width measurements were determined for each
central canal path. The distance between the canal wall
before and after instrumentation was measured to
0.001 mm. All data were recorded, and the collected data
were statistically analyzed with Kruskal-Wallis and Mann-
Whitney U-tests using SPSS, version 15.0 (SPSS, Chicago,
IL, USA). This was because the data did not show a normal
distribution for some measuring points.
The centering ability was assessed by dividing the
amounts of resin removed at the inner and outer walls from
that removed on the opposite wall; a lower value was
considered the numerator of the ratio. According to this,
values closer to “1” indicate a better centering ability. A
one-way analysis of variance (ANOVA) and Tukey’s honest
significant difference tests were performed to find any
significant differences between groups.
Results
Mean widths of the resin removed from the inner and outer
sides of the canal are shown in Table 1. The Revo-S and
ProTaper instruments removed more material from the
inner side of the curvature than did TF instruments.
Differences among the three rotary NiTi systems were
statistically significant (P < 0.05) except for the first 3 mm
and the last 2 mm.
On the outer side of the canal, both the ProTaper and
Revo-S instruments removed more material than did TF
instruments at the apical third, and the difference was
statistically significant (P< 0.05). In the middle and coronal
aspects of the canal, TF instruments removed less resin
material than did the ProTaper and the Revo-S instruments,
and the difference was statistically significant except for
measuring points 6, 9, and 10 mm from the apex (P < 0.05).the three experimental groups.
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Table 1 Mean material removed (mm) and SD at different measuring points after instrumentation of simulated canals.
Inner canal wall (mm from the apex) Outer canal wall (mm from the apex)
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
TF
Mean 0.114 0.122 0.134 0.152a 0.231a 0.244a 0.223a 0.208a 0.205 0.194 0.099a 0.121a 0.142a 0.147a 0.111a 0.122 0.173a 0.213a 0.273 0.293
SD 0.033 0.028 0.030 0.032 0.057 0.058 0.047 0.046 0.043 0.049 0.025 0.037 0.055 0.044 0.034 0.044 0.044 0.039 0.043 0.059
RevoS
Mean 0.104 0.110 0.125 0.203b 0.304b 0.365b 0.311b 0.269b 0.249 0.230 0.176b 0.282c 0.305c 0.234b 0.155b 0.142 0.216b 0.276b 0.308 0.328
SD 0.044 0.046 0.046 0.065 0.092 0.087 0.077 0.063 0.066 0.062 0.082 0.132 0.096 0.078 0.051 0.052 0.041 0.039 0.050 0.060
ProTaper
Mean 0.114 0.132 0.156 0.252b 0.326b 0.364b 0.292b 0.251b 0.225 0.225 0.178b 0.202b 0.173b 0.214b 0.175b 0.125 0.206b 0.265b 0.280 0.297
.059 0.037 0.055 0.054 0.066 0.077 0.070 0.035 0.039 0.053 0.066 0.067 0.059 0.086
.05 0.05 0.11 0.87 0.05 0.05 0.05 0.05 0.05 0.37 0.05 0.05 0.07 0.17
with the same letters.
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lSD 0.035 0.039 0.052 0.058 0.066 0.082 0
P value 0.59 0.21 0.08 0.05 0.05 0.05 0
SD Z standard deviation; TF Z Twisted Files.
a,b,c: There are no significant differences between the groups
Table 2 Centering ability (mean  SD).
Measuring point from the apex (mm)
1 2 3 4 5 6 7 8 9 10
TF
Mean 0.81 0.78 0.73 0.81 0.52 0.53 0.71 0.82 0.74 0.66
SD 0.15 0.19 0.18 0.13 0.23 0.23 0.15 0.13 0.18 0.20
Revo-S
Mean 0.57 0.48 0.47 0.62 0.55 0.41 0.70 0.83 0.73 0.66
SD 0.25 0.29 0.27 0.21 0.23 0.19 0.18 0.13 0.15 0.17
ProTaper
Mean 0.61 0.54 0.50 0.64 0.57 0.39 0.70 0.82 0.71 0.67
SD 0.20 0.21 0.14 0.20 0.21 0.19 0.16 0.13 0.15 0.21
P value 0.05 0.05 0.05 0.05 0.48 0.08 0.97 0.92 0.86 0.99
Values closer to “1” indicates better centering ability.
SD Z standard deviation; TF Z Twisted Files.
Shaping ability of rotary NiTi instruments 287In previous studies, two experimental models were
usually preferred: simulated canals vs. extracted teeth.
Using extracted teeth has an advantage over resin blocks
because they provide conditions closer to clinical situa-
tions.17 On the other hand, using simulated canals as an
experimental model allows assessment of outcomes of
canal shaping and instrument performance under stan-
dardized conditions.11,18 Simulated canals allow standard-
ization of the root-canal diameter and length, and radius of
the canal curvature.7,19 They also provide reproducible
hardness and abrasion characteristics.20
However, there are some drawbacks when using rotary
NiTi instruments in resin blocks. The hardness and abrasion
behavior of acrylic resin and root dentin are not identical,7
and the heat generated may soften the resin material.21
Although the hardness and abrasion behaviors of resin
canals are a disadvantage, they allow standardization of
the root-canal morphology and eliminate the great vari-
ability encountered in root-canal anatomy.22 Because the
aim of this study was to compare the shaping ability of
rotary NiTi instruments produced by different
manufacturing methods, simulated canals in clear resin
blocks were used to provide strictly controlled laboratory
conditions.
Compared with TF instruments, ProTaper and Revo-S
removed more material from the outer canal wall. This was
also true for the inner side of the canal wall, except for the
apical third and the last 2 mm of the coronal aspect.
Previous studies also reported that varying degrees of canal
straightening and transportation toward the outer aspect of
the canal curvature occurred with ProTaper instru-
ments.17,19,23,24 Canal transportation toward the outer
aspect of the canal with ProTaper was related to their
progressive tapers along the cutting surface of the instru-
ments in combination with the sharp cutting edges of their
cross-sectional design.17 Revo-S instruments also removed
more resin material from the outer aspect of the canal
wall. These instruments have a constant taper with an
asymmetrical cross-section. The canal axis has three
cutting edges located on three different radii. TF instru-
ments also have a triangular cross-section with a constant
taper. While non-landed, ground-fluted instruments withaggressive cutting action have more difficulty negotiating
a curvature and increase the risk of ledging or trans-
portation,25 the manufacturer states that R-phase tech-
nology overcomes this by giving the instrument a much
higher level of flexibility. The better results of TF instru-
ments for shaping resin canals may be related to their
different manufacturing methods. Our results were
consistent with a recent report that found that TF instru-
ments produced significantly less transportation and
remained centered around the original canal.26
When comparing the shaping ability of different root-
canal instruments, it is important that they have similar
apical preparation diameters.25 In the present study, the
final apical preparation sizes were 25 for all groups, but the
final apical taper differed for each group because we fol-
lowed the sequences recommended by the manufacturers.
The difference in the operation protocol may have intro-
duced a significant bias. For TFs, the final apical size was
25.04, whereas the apical file was 25.06 for RevoS, and it
was F2 for ProTaper. Thus, larger files with a significantly
higher metal mass in the core reduce the flexibility and
could explain the lower apical transportation witnessed
with TFs. Furthermore, larger instruments predictably
remove more dentin which could have affected the results.
Overinstrumentation of the curved section of a canal
may leave infected dentin on canal walls while removing
valuable dentin.27 Aydin and colleagues28 reported that
preparation with an instrumentation technique designed to
remove substantial amounts of dentin did not reduce
intracanal bacteria more effectively than a conservative
instrumentation technique. An irregular apical preparation
may also negatively affect the apical sealing ability of the
root filling.29
In conclusion, ProTaper and RevoS instruments removed
more resin material from the outside of the curvature than
did TF instruments. On the inner canal wall, they also
removed more material from the middle and coronal third,
except for the last 2 mm from the apex. TF instruments
provided a centered apical preparation of the simulated
canals and maintained the original canal better. However,
further studies using extracted teeth should be conducted
to confirm the results of the present study.
288 C. Aydin et alReferences
1. Carotte P. Endodontics: part 7. Preparing the root canal. Br
Dent J 2004;197:603e13.
2. Peters OA, Peters CI. Cleaning and shaping of the root canal
system. In: Cohen S, Hargreaves KM, eds. Pathways of the Pulp,
9th ed. St. Louis, Missouri, Canada: Mosby Inc, 2006. p. 305.
3. Scha¨fer E, Lohmann D. Efficiency of rotary nickel-titanium
FlexMaster instruments compared with stainless steel hand K-
Flexofile-Part 1. Shaping ability in simulated curved canals. Int
Endod J 2002;35:505e13.
4. Scha¨fer E, Florek H. Efficiency of rotary nickel-titanium K3
instruments compared with stainless steel hand K-Flexofile.
Part 1. Shaping ability in simulated curved canals. Int Endod J
2003;36:199e207.
5. Aguigar CM, Mendes D, Camura AC, deFiguiredo JAP. Evaluation
of the centering ability of the ProTaper Universal rotary system
in curved roots in comparison to Nitiflex files. Aust Endod J
2009;35:174e9.
6. Tasdemir T, Aydemir H, Inan U, Unal O. Canal preparation with
Hero 642 rotary Ni-Ti instruments compared with stainless
steel hand K-File assessed using computed tomography. Int
Endod J 2005;38:402e8.
7. Paque F, Musch U, Hu¨lsmann M. Comparison of root canal
preparation using RaCe and ProTaper rotary Ni-Ti instruments.
Int Endod J 2005;38:8e16.
8. Yang GB, Zhou XD, Zheng YL, Zhang H, Shu Y, Wu HK. Shaping
ability of progressive versus constant taper instruments in curved
root canals of extracted teeth. Int Endod J 2007;40:707e14.
9. Yoshimine Y, Akamine A. The shaping effects of three nickel-
titanium rotary instruments in simulated S-Shaped canals.
J Endod 2005;31:373e5.
10. Al-Sudani D, Al-Shahrani S. A comparison of the canal centering
ability of ProFile, K3 and RaCe nickel titanium rotary systems.
J Endod 2006;32:1198e201.
11. Merrett SJ, Bryant ST, Dummer PMH. Comparison of the
shaping ability of RaCe and FlexMaster rotary nickel-titanium
systems in simulated canals. J Endod 2006;32:960e2.
12. Gambarini G, Grande NM, Plotino G, et al. Fatigue resistance of
engine-driven rotary nickel-titanium instruments produced by
new manufacturing methods. J Endod 2008;34:1003e5.
13. Larsen CM, Watanabe I, Glickman GN, He J. Cyclic fatigue
analysis of a new generation of nickel titanium rotary instru-
ments. J Endod 2009;35:401e3.
14. Kim HC, Yum J, Hur B, Cheung GSP. Cyclic fatigue and fracture
characteristics of ground and twisted nickel-titanium rotary
files. J Endod 2010;36:147e52.
15. Gambarini G, Testarelli L, Milana V, et al. Angular deflection of
rotary nickel titanium files: a comperative study. Ann Ist Super
Sanita 2009;45:423e6.16. Young GR, Parashos P, Messer HH. The principles of techniques
for cleaning root canals. Aust Dent J Suppl 2007;52:S52e63.
17. Scha¨fer E, Vlassis M. Comparative investigation of two rotary
nickel- titanium instruments: ProTaper versus RaCe. Part 1.
Shaping ability in simulated curved canals. Int Endod J 2004;
37:229e38.
18. Rangel S, Cremonese R, Bryant S, Dummer P. Shaping ability of
RaCe rotary nickel-titanium instruments in simulated root
canals. J Endod 2005;31:460e3.
19. Yang GB, Zhou XD, Zhang H, Wu HK. Shaping ability of
progressive versus constant taper instruments in simulated
root canals. Int Endod J 2006;39:791e9.
20. Hu¨lsmann M, Peters OA, Dummer PMH. Mechanical preparation
of root canals: shaping goals, techniques and means. Endod
Topics 2005;10:30e76.
21. Kum K-Y, Spa˚nberg L, Cha BY, Il-Young J, Seung-Jong L, Chan-
Young L. Shaping ability of three ProFile rotary instrumentation
techniques in simulated resin root canals. J Endod 2000;26:
719e23.
22. Goncalvez Madureira R, Navarro LF, Llena MC, Costa M. Shaping
ability of nickel-titanium rotary instruments in simulated S-
shaped root canals. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2010;109:e136e44.
23. Peters OA, Peters CI, Scho¨nenberger K, Barbakow F. Pro-
Taper rotary root canal preparation: effects of canal
anatomy on final shape analyzed by micro CT. Int Endod J
2003;36:86e92.
24. Vahid A, Roohi N, Zageri F. A comparative study of four rotary
NiTi instruments in preserving canal curvature, preparation
time and change of working length. Aust Endod J 2009;35:
93e7.
25. Bergmans L, Van Cleynenbreugel J, Beullens M, Wevers M, Van
Meerbeek B, Lambrechts P. Progressive versus constant
tapered shaft design using NiTi rotary instruments. Int Endod J
2003;36:288e95.
26. Gergi R, Rjeily JA, Sader J, Naaman A. Comparison of canal
transportation and centering ability of Twisted Files, Pathfile-
ProTaper System and stainless steel hand K-files by using
computed tomography. J Endod 2010;36:904e7.
27. Zuolo ML, Walton RE, Imura N. Histologic evaluation of three
endodontic instrument/preparation techniques. Endod Dent
Traumatol 1992;8:125e9.
28. Aydin C, Tunca YM, Senses Z, Baysallar M, Kayaoglu G,
Orstavik D. Bacterial reduction by extensive versus conserva-
tive root canal instrumentation in vitro. Acta Odontol Scand
2007;65:167e70.
29. Karabucak B, Gatan AJ, Hsiao C, Iqbal MK. A comparison of
apical transportation and length control between endo-
sequence and guiadance rotary instruments. J Endod 2010;36:
123e5.
